Summary. Lipoprotein lipase activity (LLA) was measured in the adipose tissue of six healthy subjects and five members of a family in whom the trait for familial exogenous hypertriglyceridemia was segregating. The lipase activity measured was characteristic of lipoprotein lipase: increased by feeding, dependent on the presence of serum, and inhibited by sodium chloride and protamine sulfate. When compared with lipase activity in healthy individuals, LLA was grossly deficient in two siblings with postabsorptive chylomicronemia and was intermediate in both parents and one sibling, who had normal postabsorptive triglycerides. These findings are compatible with autosomal recessive inheritance. The hormone-sensitive lipolytic enzyme responsible for mobilization of free fatty acids from adipose storage was normal in the hyperlipemic subjects.
Introduction
Familial hypertriglyceridemia may be classified as "fat-induced" and "carbohydrate-induced" hyperlipemia depending on the response of plasma triglyceride to isocaloric substitutions of dietary fat and carbohydrate (1, 2) . In the fat-induced (exogenous) form, affected individuals have post-* Submitted for publication June 20, 1966 ; accepted October 27, 1966. Supported by U. S. Public Health Service grants HO 7364 and FR 0065 from the General Clinical Research Center.
A partial report of this work was read before the Southern Society for Clinical Investigation, January 28, 1966. absorptive hypertriglyceridemia and chylomicronemia when the diet contains normal levels of dietary fat, but plasma lipids decrease strikingly when these individuals receive diets restricted in fat (0 to 5 g per day). This inability to handle normal quantities of dietary triglyceride has been attributed to a deficiency of lipoprotein lipase, an enzyme facilitating hydrolysis and clearance of triglyceride from plasma (2) . This enzyme is present in many tissues, principally heart and adipose tissue, and it is present also in plasma after heparin administration, which presumably causes release from tissue (3) (4) (5) . Enzymatic activity in adipose tissue is diminished by fasting but increased by refeeding, characteristics compatible with a physiologic role in assimilation of dietary
lipid. 239
Postheparin plasma from individuals with exogenous hypertriglyceridemia has less lipase activity (2, 5, 6) . However, lipoprotein lipase is principally, if not entirely, a tissue enzyme, and plasma assays represent an indirect measure of tissue enzymatic activity. The lack of sensitivity and specificity of plasma assay is demonstrated by the inability in some studies (6) to detect all affected individuals, particularly presumed heterozygotes, and by the incomplete inhibition of lipase activity by sodium chloride, which inhibits lipoprotein lipase (3) . To circumvent these difficulties and to define the role of this enzyme in assimilation of triglyceride, we (9, 11) .
Samples of serum were analyzed for triglyceride (12), cholesterol (13) , and lipid phosphorus (14) . The lipid phosphorus value was multiplied by 25 to yield phospholipid concentration. Postheparin plasma lipoprotein lipase activity was assayed by the method of Fredrickson, Ono, and Davis (5). The method of Lees and Hatch (15) was used for electrophoresis of serum lipoproteins. After electrophoresis, the strips were stained with oil red 0 (15) , and the intensity of staining of each fraction was quantified by scanning with the Beckman Analytrol. Because the prebeta fraction is poorly defined when levels of triglyceride are normal or near normal, serum lipoproteins were analyzed ultracentrifugally at the Institute of Medical Physics, Belmont, Calif., by the method of De Lalla and Gofman (16) . Only samples from the affected family before and 5 hours after the fat meal were analyzed in this manner.
Other studies. The response of plasma lipids to alteration of dietary fat was determined in the hyperglyceridemic subjects during another hospitalization. Dietary fat was alternated between 80 g per day and 5 g per day for 7 days while isocaloric balance was maintained primarily by substitution of carbohydrate.
The hormone-sensitive lipolytic system that mobilizes fatty acids from adipose tissue was assessed by measuring the response to epinephrine infusion (17) . After an overnight fast and in the basal state, the hyperglyceridemic subjects received intravenous infusions of epinephrine, 2 ug per minute for 15 minutes. Venous blood samples wer obtained and analyzed for FFA. The response of FFA to epinephrine in these subjects was compared with that of seven normal subjects.
Results
Serum lipids. Postabsorptive serum triglyceride levels were high in the propositus and two siblings (Mo.B. and P.B.); this triglyceride was present predominantly as chylomicrons (Table I) . Serum triglyceride levels were normal in other members of this family, and none had postabsorptive chylomicronemia. Postheparin lipase was low in the, mother (Ma.B.) and in the two siblings with hypertriglyceridemia, but results in the father (J.B.) and one sibling (G. B.) were variable and inconclusive. Repeated determinations did not clarify the status of these subjects, and the variability was apparently not related to diet. The serum cholesterol levels of J.B., Ma.B., and G.B. were higher than other members of this kindred having normal plasma lipoprotein lipase activity (18) . The Sf 0 to 12 lipoproteins were also high in these subjects (J.B., 521 mg per 100 ml; Ma.B., 445 mg per 100 ml; G.B., 485 mg per 100 ml), but the postabsorptive levels of other lipoproteins were normal.
After the hyperlipemic subjects had been on a 5-g fat diet for 4 days, the plasma triglyceride decreased from values shown in Table I to 745 mg per 100 ml (P.B.) and 620 mg per 100 ml (Mo.B.). This decrease was associated with clearing of turbidity, almost complete disappearance of chylomicrons (< 10%), and development of a prebeta band. Similar responses to low fat diets have been reported by Lees and Fredrickson (19) in members of other kindred having exogenous hypertriglyceridemia.
Serum lipids and postheparin lipase activity Figure 2 and Table III . Since the number of observations is small, the range of values is given in brackets. Healthy individuals with normal postabsorptive triglyceride levels (< 150 mg per 100 ml) had a mean increase of 116 mg per 100 ml that was maximal at 3 hours; the serum triglyceride returned to normal at 12 hours. At 3 to 5 hours, there was an increase in chylomicrons and in the "trail" (very low density) fraction. This was followed by an increase in the proportion of prebeta lipoproteins at 5 and 8 hours. The sixth healthy subject, P.W., who had normal tissue LLA but elevated triglyceride, experienced a greater increase in plasma triglyceride at 3 hours ( Figure 2 ) and a relatively greater increase in chylomicrons (26%o) at 3 hours and in prebeta lipoprotein (23%o ) at 5 hours than the other healthy subjects.
The three heterozygotic subjects, who had intermediate levels of LLA and normal postabsorptive triglyceride levels, had significantly different responses after the fat meal. The plasma triglyceride was significantly higher at 5 and 8 hours than in the healthy subjects ( Figure 2 The response of one subject homozygotic for LLA deficiency (P.B.) to a 100-g fat meal was studied after she had been on a 5-g fat diet to reduce the pool of circulating triglyceride. The following values were obtained: fasting, 632 mg per 100 ml; 3 hours after the meal, 1,303 mg per 100 ml; 5 hours, 1,699 mg per 100 ml; 8 hours, 2,228 mg per 100 ml; 12 hours, 2,422 mg per 100 ml; and 24 hours, 2,264 mg per 100 ml. This response is similar to that reported by others (1, 2) in patients with fat-induced hyperlipemia. On electrophoresis, the increase in lipid was confined to the chylomicron and trail fractions. The results in the unaffected sibling, C.B., were these: fasting, 52 mg per 100 ml; 3 hours, 152 mg per 100 ml; Assessment of the hormone-sensitive lipolytic system by epinephrine infusion. Basal levels of plasma FFA were normal in the two homozygotic subjects. Mobilization of FFA after infusion of epinephrine was normal when compared with the response in normal subjects ( Figure 3) . As noted previously, this quantity of epinephrine is the least amount eliciting a consistent rise in FFA and is, therefore, a sensitive test of this lipolytic system (17) . Discussion Since the amount and composition of plasma triglyceride in exogenous hypertriglyceridemia are dependent on dietary composition, it was suggested that this disorder is related to an abnormality in the assimilation of alimentary triglyceride into tissues. Although other mechanisms for removal of plasma triglyceride have been described (25, 26) , the most important physiological mechanism is presumed to be hydrolysis of lipoprotein triglyceride to fatty acid and cellular uptake of these fatty acids. The enzyme, lipoprotein lipase, facilitates hydrolysis of the triglyceride moiety of lipoproteins and is the only known lipolytic enzyme with a substrate preference for lipoproteins. This enzyme is present in many tissues, except possibly the liver, but its physiologic importance in the deposition of alimentary fat has been questioned (27) . Patients with exogenous hyperglyceridemia were found to have a deficiency of lipase activity in postheparin plasma, and this decreased plasma activity was assumed to reflect a deficiency of tissue enzyme (2, 5) . The observations that there was no intrinsic abnormality of lipoproteins and that removal of lipemic blood from normal subjects was delayed in these patients further supported the concept that removal from plasma was abnormal (2) .
The present studies demonstrate the presence of lipoprotein lipase in adipose tissue of normal human subjects and a marked deficiency of LLA in individuals with exogenous ("fat-induced") hyperlipemia. The lipase activity assayed in these studies had the characteristic features of lipoprotein lipase (3, 4) . Enzymatic activity was increased by feeding and inhibited by sodium chloride or protamine sulfate, and there was no hy-drolysis of triglyceride in the absence of serum. These characteristics and optimal activity at alkaline pH differentiate lipoprotein lipase from lipolytic enzymes that mobilize FFA from adipose tissue in response to starvation and various hormones, including catecholamines. This latter lipolytic system was assessed by measuring the increase of FFA after epinephrine infusion and was found to be normal in the hyperlipemic subjects that had deficient LLA.
With a sensitive and reliable assay, exact classification of members of the affected kindred was possible, and this permitted determination of the genetics of this disorder. The propositus and two siblings had postabsorptive hypertriglyceridemia and chylomicronemia; the two siblings had marked LLA deficiencies. Both parents and one sibling had levels of LLA intermediate between normal and those of the hyperlipemic offspring. One sibling was apparently normal, although she would not permit an assay of tissue LLA (Figure 1 ). These observations are compatible with an autosomal recessive inheritance, two abnormal alleles conveying grossly deficient levels of tissue LLA and postabsorptive chylomicronemia. Parental consanguinity in this family and the apparent rarity of this disorder in the general population are also compatible with recessive inheritance (5 (27) . Heterozygotic subjects with intermediate levels of LLA had a greater rise in plasma triglyceride and in particulate fat and very low density lipoproteins after the fat meal. Since the pool size of these lipids preceding the meal was normal, this suggests that removal of these lipid fractions was impaired. Although these data are consistent, the limited number of observations and the variable response noted with fat tolerance tests recommend some caution in their interpretation. Delayed removal of lipemic blood infused intravenously has also been demonstrated (2) . There is other indirect evidence that lipoprotein lipase participates in removal of triglyceride from very low density lipoproteins as well as from chylomicrons. Havel, Felts, and Van Duyne (29) found removal of triglyceride from these lipoproteins and deposition in adipose tissue to be markedly increased by feeding, which stimulates lipoprotein lipase activity. Similarly, tissue incorporation of triglyc-,eride from these lipoproteins was found to be related to lipoprotein lipase activity in the tissue (23) . The importance of lipoprotein lipase in clearing chylomicrons is demonstrated by the increasing chylomicronemia in the homozygotic subject after the fat meal. There was no increase in very low density lipoproteins in this subject, and this suggests that lipoprotein lipase may be related to the formation of these lipoproteins from chylomicrons. However, these studies are too limited to delineate this point or to clarify the role of the liver in this change. The importance of lipoprotein lipase in removal of both particulate fat and very low density lipoproteins is clear from these observations, and adipose tissue is an important site of action of this enzyme.
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